This paper produces evidence in support of the existence of common risk factors in the US and UK interest rate swap markets. Using a multivariate smooth transition autoregression (STVAR) framework, we show that the dynamics of the US and UK swap spreads are best described by a regime-switching model. We identify the existence of two distinct regimes in US and UK swap spreads; one characterized by a "flat" term structure of US interest rates and the other characterized by an "upward" slopping US term structure. In addition, we show that there exist significant asymmetries on the impact of the common risk factors on the US and UK swap spreads. Shocks to UK oriented risk factors have a strong effect on the US swap markets during the "flat" slope regime but a very limited effect otherwise. On the other hand, US risk factors have a significant impact on the UK swap markets in both regimes. Despite their added flexibility, the STVAR models do not consistently produce superior forecasts compared to less sophisticated autoregressive (AR) and vector autoregressive (VAR) models.
Introduction
The identification of the risk factors that determine the dynamics of the spread between fixedfor-floating interest rate swaps and the underlying government bond yields is important for both market participants and policy makers. Better understanding of the nature and dynamics of the risk factors in swap markets will allow market participants to construct more accurate swap pricing models and policy makers to extract more accurate information on credit and liquidity conditions in the economy. Many other theoretical and empirical studies, discussed below, have already examined whether different proxies for liquidity and credit risk as well as proxies for market structure can account for the variability of interest rate swap spreads. The contribution of this paper is that it focuses on the interlinkages between the international interest rate swap markets, instead of looking at them in isolation, and asks whether the existing risk factors are priced internationally. More specifically we examine the existence of common factors in the US and UK interest rate swap markets. The questions we address include: i) whether shocks to the common risk factors have a positive or negative impact on US and UK swap spreads, ii) what is the magnitude of the impact of the shocks to swap spreads, iii) how these shocks propagate across time for each swap spread maturity and iv) whether the significance of the risk factors varies across swap spread maturity. All these issues are addressed within a multivariate non-linear framework that allows for asymmetric effects of the shocks on swap spreads conditional upon the shape of the term structure of the US interest rates, the size of the shocks and the direction (i.e. positive or negative) of the shocks. The out-ofsample performance of our model (based on weekly data) is compared to more basic autoregressive (AR) and vector autoregressive models (VARs) for various forecast horizons over a period of two years.
Earlier research by Smith, Smithson and Wakeman (1988) showed that under the assumption of no default and liquidity risk, the fixed rate of an interest rate swap can be considered as the yield of an identical maturity that trades at par. Subsequent contributions have shown that swap spreads represent a reward for the investors above government bond yields for bearing either liquidity risk in the interbank market, e.g. Grinblatt (1995) , or both liquidity and default risk in swap markets, e.g. Duffie and Singleton (1997) . Brown, Harlow and Smith (1994) have argued that swap spreads can also be used to cover hedging costs for swap market deals. In addition, Sorensen and Bollier (1994) argue that the swap spreads reflect the price of a series of European options to default implicitly held by the counterparty that is in-the-money during the initial stages of the swap contract.
1 This research is complemented by the work of Lang, Litzenberger and Liu (1998) and Fehle (2000) who examine how the swap market structure can affect spreads through the supply and demand for swaps.
The empirical implications of these swap-pricing models have been examined in a series of papers in the literature. One of the first studies to empirically test the implications of swap pricing models was by Sun, Sundaresan and Wang (1993) . They examine the relationship between swap rates and Treasury yields as well as yields on interbank par bonds. The find that although swap rates are highly correlated with treasury yields, the swap rates are significantly higher than treasury yields, irrespective of the shape of the treasury yield curve. This positive relationship is less pronounced when the term structure is inverted. They also report that swap rates are less correlated with par interbank bond rates and that interbank rates were significantly higher than swap rates. In a similar fashion, Minton (1997) examines the relationship between swap rates and Eurodollar futures rates as well as yields on portfolios of non-callable corporate bonds. Her results indicate that although swap rates are highly correlated with both instruments the relationship is less than perfect. Other factors that swap rates are sensitive to, include the shape of the term structure of default-free interest rates, the level of interest rates and the volatility of short-term interest rates. According to Minton (1997) , these results provide evidence that the counterparty option to default is priced in swap rates. Brown, Harlow and Smith (1994) look at swap spreads as a function of the difference between Eurodollar LIBOR rates and the corresponding maturity treasury Bill rates (TED) and various measures for credit risk and hedging costs for swap market dealers. They found that while all of these factors are significant their explanatory power is low. Eom, Subrahmanyam and Uno (2000) report that the slope and curvature of the default-free interest rates and the corporate bond yields are significant factors in the determination of the Japanese swap spreads, while factors like the TED spreads and short-term interest rates play only a minor role.
These studies employed a linear regression methodology, which allows the estimation of the direct (contemporaneous) effect of the explanatory factors on swap spreads, to assess the significance of the risk factors. Duffie and Singleton (1997) and Lekkos and Milas (2001) have extended this research to a multivariate vector autoregression (VAR) framework. Duffie and Singleton (1997) find that the biggest part of swap spreads variation is due to their own shocks. Liquidity shocks are more important in short horizons 2 while default risk is clearly priced in swap spreads. Default risk is more significant over long horizons and for longer maturity swap spreads. Lekkos and Milas (2001) assess the ability of factors such as the level, volatility and slope of the zero-coupon government bond yield curve, the TED spread and the corporate bond spread to describe the term structure of the US and UK swap spreads. They find that the slope of the term structure has a significant countercyclical effect across maturities while the TED and corporate spreads play a smaller role and their significance varies across maturities.
Despite this extensive research effort, the issue of international linkages between interest rate swap markets has not been properly addressed 3 . Advances in financial engineering have made it possible for fixed corporate debt in one country to be transformed into fixed borrowing in another by combining two interest rate swap deals -one in each currency -and an foreign exchange (FX) swap to eliminate the presence of FX risk. Provided that the interest rate differential between the two countries is substantial, then this form of financial engineering will allow firms to lower their cost of borrowing. In addition, financial engineering can assist market participants to circumvent market or regulatory restrictions. Eom, Subrahmanyam and Uno (2000) report that attempts of market participants to construct a spread position between Japanese government bonds (JGBs) and US treasury bonds combined with difficulties in shorting JGBs, creates an increased demand for Japanese interest rate swaps. This results to an increase in the correlation between Japanese swap rates and the interest rate differential between US treasury bonds and JGBs. Such activities can create direct links between the movements of swap spreads in the two markets. These links can be strengthened even further through common variations in the business cycles of the two economies. Lumsdaine and Prasad (1997) show that business cycles in each economy are not independent; instead they are affected, in different degrees, by a "world business cycle". Due to the dominant size of the US economy, the world business cycle is highly correlated with the US business cycle. 4 Hence, changes in the fundamentals of the US economy, such as the level of interest rates or credit spreads, should affect the UK interest rate swap markets through this business cycle channel.
The current paper complements the existing literature by focussing on the identification of common risk factors priced in the US and UK interest rate swap markets. The risk factors we employ are: the slopes of the term structures of zero-coupon government bonds of the two countries, estimates of the corporate bond spreads of the two countries and the interest rate differentials between the US and UK government bonds. The slopes are included to provide evidence of any default option prices in swap spreads, and the interest rate differentials are used to provide evidence of arbitrage trades between the two markets. The corporate bond spreads are used as proxies for credit risk. Corporate bond spreads are not perfect proxies for credit risk in swap markets. Duffie and Huang (1996) have pointed out that spreads in swap markets should be much lower than the corresponding spreads in corporate debt. This is either due to the fact that a swap can be either an asset or a liability depending on the movements of shortterm interest rates or to the existence of credit enhancements such as margins or marking to market in swap markets. Despite these shortcomings, corporate bond spreads are always a major factor in accounting for the dynamics of swap spreads in all previous empirical studies.
We examine the ability of these risk factors to account for the dynamics of the term structure of swap spreads within a non-linear multivariate smooth transition autoregression (STAR) model. A STAR model can be considered as a regime switching model where the transition from one regime to the other occurs in a smooth way. Non-linear models have been used in previous research to either estimate the dynamics of the short-term interest rates or the relationship between the short-term and long-term interest rates implied by the expectations hypothesis (see Ang and Bekaert (2001), Bekaert, Hodrick and Marshall (2001) , Hamilton (1988) and Gray (1996) ). These studies have employed the Markov regime switching (MRS) methodology pioneered by Hamilton (1989) . The main difference between MRS and STAR regime switching methodologies is that MRS assumes that the switching between the two regimes is driven by a Markov state variable, which is unobserved to the econometrician. STAR models on the other hand assume that the switching is controlled by an observed state variable. This feature of the STAR models, that the transition from one regime to the other is not probabilistic but is a function of the underlying variables, allows us to test the ability of the different economic variables to best describe the non-linear dynamics of the term structure swap spreads. More specifically, we find that amongst the different candidates, the slope of the US term structure of interest rates suitably describes the transition between the two regimes in both the US and UK swap spreads across maturities.
The paper is organised as follows. The next section presents the multivariate STAR methodology used for the estimation of our model. Section 3 describes the data and sections 4 and 5 present the estimation and main findings of the paper. The design and results of our forecasting exercise are presented in section 6. Finally, section 7 concludes.
Specification of the Smooth Transition Vector Autoregressive (STVAR) model

The theoretical STVAR model
4 Harvey (1991) found that the correlation between the world and US business cycles is 87%. The parameter γ determines the smoothness of the change in the value of the logistic function and thus the speed of the transition from one regime to the other. When γ → 0, the 'logistic' function equals a constant (i.e. 0.5), and when γ → + ∞, the transition from g(s t ) = 0 to g(s t ) = 1 is almost instantaneous at s t = c.
Linearity testing in a STVAR model
Testing for linearity in the STVAR model (1) using the 'logistic' transition model (2) is equivalent to testing the null hypothesis H 0 : γ = 0 against the alternative H 1 : γ > 0. To do this, 
The data
Our data sample consists of weekly observations from June 1991 to June 2001. We estimate our models up to December 1998, retaining the last two and a half years for forecasting analysis. We proxy the slope of the term structure of interest rates (denoted by USslope and UKslope, respectively) with the difference between the yields of the 10-year default-free zerocoupon bonds and the 3-month T-Bill rates. The US and UK zero-coupon yields are provided by the Bank of England. They are estimated by fitting a set of cubic splines to the prices of observed coupon-paying government bonds. The quality of the fit is controlled by a penalty function that restricts the curvature of the implied forward rates (see Anderson and Sleath (1999) ). Zero-coupon yields are also used to estimate the difference between the 3-year, 7-year and 10-year US and UK interest rates, denoted by dif_3, dif_7 and dif_10, respectively. The US corporate spreads (denoted by UScorp) are estimated as the difference between Moody's AAA corporate bond yield index and the yields of the 10-year Treasury bonds. The UK corporate spread (denoted by UKcorp) is estimated as the difference between the corporate bond yield index provided by Datastream and the 10-year UK government bond yield. Finally, the US and UK swap spreads (denoted by USsp_i and UKsp_i, respectively, with i = 3, 7 and 10 years) are estimated as the difference between the bootstrapped zero-coupon swap rates and the corresponding maturity default-free zero-coupon rates. Table 1 reports the descriptive statistics for both the US and UK swap spreads and the relevant risk factors. Based on table 1 we see that on average swap spreads increase with maturity in both markets. In addition, same maturity US and UK swap spreads are roughly equal, although UK swap spreads have higher volatility. The UK slope has also been more volatile compared to the US slope. A big part though of this variation might be related to the period around September 1992 when sterling exited the ERM. The average difference between US and UK interest rates is negative, implying that US interest rates were lower than the UK rates over the sample period. Finally, the mean spread between US corporate and US treasury yields was 119 basis points and the corresponding UK corporate spread was 92 basis points.
Estimation of STVAR models
The estimation process begins by defining a vector of state variables; one for each maturity we examine. For each maturity, this vector contains the relevant swap spreads as well as the US and UK term structure slopes, the difference between US and UK interest rates and the US and UK corporate spreads. We focus on the 3-year, 7-year and 10-year maturity swap spreads. For each of these maturities the vector of state variables is given by:
where i = 3, 7 and 10 years.
Linearity testing and selection of transition variable
The first step involves the estimation of a benchmark linear VAR (one for each maturity) and then testing for the existence of non-linearities and selecting the best candidate for the transition variable t s . Taking into account that a high-order VAR may cause over-fitting and add considerably to the difficulties associated with getting converging estimates for the non-linear models, we restrict our analysis to second order VAR models (i.e. we set p = 2 lags in the linear VAR models (3) above). We have also tried third order VAR models but all third lags turned out to be insignificant. Due to the presence of autocorrelation and heteroskedasticity in our models of weekly swap spreads, all models have been estimated using the Generalised Method of Moments (GMM; see Hansen, 1982) , which is robust to heteroskedasticity and autocorrelation of unknown form. All insignificant regressors are dropped based on the χ 2 -version of the Wald test.
5
Having estimated the base linear models, we test for linearity, equation by equation and then test for linearity in the system as a whole. Given the lack of previous work that could guide our selection of transition variables suitable for controlling the non-linear dynamics, we test the performance of all lagged variables in (3), as possible transition candidates s t . Tables 2 to 4 report equation specific LM tests and system-wide LR linearity tests for the different transition variable candidates. The common approach is to select the appropriate transition variable associated with the smallest p-value. The results in tables 2 to 4 indicate that all VAR equations react in a non-linear way to all lagged variables in the system. This is particularly true with reference to the LR system test of linearity as the corresponding p-values are almost always equal to zero. Therefore, the empirical results make it difficult for us to choose the most appropriate transition variable based on the criterion of the smallest p-value. Given the inability of the non-linearity tests to identify a single variable that can capture the non-linear dynamics of our model, we proceed by using the slope of the US term structure of interest rates as the transition variable. There are several intuitive reasons for this choice. A number of studies have shown that the slope of the term structure of interest rates is closely linked to changes in real economic activity and a reliable predictor of periods of economic expansion and recession (for such evidence in a linear context, see e.g. Estrella and Hardouvelis (1991) , Estrella and Mishkin (1995), Dueker (1997) and Stock and Watson (2001) , whereas Galbraith and Tkacz (2000) and Venetis, Paya and Peel (2001) report such evidence using non-linear models). Slopes higher than average, tend to precede periods of economic expansion, whereas flat or negative slopes tend to indicate recessions. In addition, the US slope has been found to have significant links to the UK fundamentals. Harvey (1991) reported that the US term structure is significant in forecasting changes in real economic activity in the UK and Ang and Bekaert (2001) provided evidence that the US slope Granger-causes the UK term structure.
Estimation of STVAR models
Next, we proceed by estimating non-linear models for the US and UK spreads. Before doing that, it is worth mentioning that Granger and Teräsvirta (1993) and Teräsvirta (1994) stress particular problems like slow convergence or overestimation associated with estimates of the γ parameter. For this reason, we follow their suggestion in scaling the 'logistic' function (2) by dividing it by the standard deviation of the transition variable σ(s t ), so that γ becomes a scalefree parameter. Based on this scaling, we use γ = 1 as a starting value and the sample mean of s t as a starting value for the parameter c. The estimates of the second order parsimonious linear VAR equations for the USsp_i and UKsp_i, (i = 3, 7, and 10) are used as starting values for the parameters in the STVAR model (1). In order to conserve space we do not report the estimated coefficients of the three STVAR models we estimate. Instead, we focus on the properties of the transition functions for the six swap spreads 6 and the seven non-linear responses for the six swap spreads.
Non-linear impulse responses
Based on the estimated non-linear STVAR models, impulse response functions (IRFs) are calculated for the US and UK swap spreads. These functions trace out the dynamic response of one variable to a shock in another variable in the system. Within the non-linear framework, we can assess the impact of shocks depending upon regime as well as positive versus negative shocks and large versus small shocks. Therefore, in contrast with linear models, shocks occurring in non-linear models depend on the history of the variables, the sign and the size of the shocks (see e.g. the discussion in Koop, Pesaran and Potter, 1996, and Franses and van Dijk, 2000) .
To account for the possibility of correlation of the errors across different equations, the IRFs are orthogonalized. More specifically, the equation errors of the non-linear STVAR models are orthogonalized by a Choleski decomposition so that the covariance matrix of the resulting errors is diagonal (see e.g. Lutkepohl, 1993) . One disadvantage of the impulse response analysis is that it is sensitive to the ordering of the variables in the system, meaning that different ordering of the variables may lead to different results. To reduce this problem, the ordering needs to be chosen such that the first variable is the only one with a potential contemporaneous impact on the other variables in the system. Then, the second variable has to be chosen such that it may have a direct impact on all other variables but not on the first one, and so on. The vector of the endogenous variables (y t ) as defined in (3) above, represents the way in which we choose to order the variables in each STVAR. In particular, the US slope is the first variable in the STVAR models. We see this as the most fundamental variable, in the sense that shocks to the US slope may have a contemporaneous effect on all remaining variables, whereas shocks to all other variables may only have lagged effects on the US slope. The UK spread enters last in each STVAR, therefore allowing for potential contemporaneous and lagged effects from all other variables on the swap spread. The decision for the US variables to precede the corresponding UK ones is justified based on the relative size and liquidity of the two markets.
To calculate the non-linear IRFs, we use bootstrapping techniques following Koop, Pesaran and Potter (1996), and Weise (1999) . Shocks for periods 0 to j are drawn with replacement from the residuals of the non-linear models. For given initial values of the variables, the shocks are fed through the estimated models to compute baseline forecast values of the variables. Next, we repeat the previous procedure using the same initial values and residual draw with one exception: the US slope shock in period 0 (or the 0 period shock to any other variable we wish to assess) is fixed at the standard error of the corresponding non-linear model. As the shocks feed through the estimated models, a new forecast value is computed. The IRF is calculated as the difference between this forecast value and the baseline forecast value for given initial values and a given shock sequence. Using the procedure discussed above, IRFs are computed for one hundred draws and then averaged so that they become conditional only on initial values. These IRFs are averaged over initial values from subsamples of the data. In particular, IRFs for regime 1 (when the US slope is flat) are averaged over initial values corresponding to all dates where the transition variable is lower than the threshold parameter. To compute IRFs for regime 2 (when the US slope is upward sloping) we use initial values from all dates where the transition variable is higher than the threshold parameter.
7 To account for the possibility that outliers may have affected the average values of the IRFs, we have also computed the medians of the IRFs. This made no qualitative difference to the results reported below.
Discussion of the results
Regime identification
The relationship between the values of the transition functions and the US slope is reported in Figure 1 . The figure also reports the speed of transition between regimes and the threshold parameter that marks the half-way point between the two regimes. The reported transition functions indicate that a roughly flat US slope (i.e. values of the US slope below the threshold parameter of 1.25% for the 7-year swap spread and approximately 3% for all other swap spreads) corresponds to the first regime, while an upward slopping US term structure corresponds to the alternative regime. The regime identification of our models is reported in Figure 2 which plots the value of the transition function estimated for the 3-year US swap spread over calendar time. The periods from June 1991 to December 1991 and from January 1995 to December 1998 are classified into the first regime, while the periods from June 1992 to June 1993 and from March 1994 to August 1994 are classified into the second regime. While the regime identification of our models is, for most periods, quite accurate (i.e. values of the transition function are either close to zero or close to one), the economic interpretation of the regime identification is not straightforward. The use of the US slope as an indicator for the transition between the two regimes was motivated by the evidence of previous studies according to which the slope of the term structure of interest rates is a significant indicator of changes in future economic activity and a reliable predictor of economic recessions. According to this rationale, the first regime that corresponds to a flat term structure should correspond to periods of economic recession, while the alternative regime should coincide with periods of economic expansion.
Our regime identification scheme seems to be working well during the beginning of our sample since it captures the recession that ended in December 1991 and the subsequent recovery of the US economy. Nevertheless, the years from 1995 to 1998, which are classified into the first regime, were periods of significant economic expansion and rapid growth of both productivity and GDP. The reason why this period is identified with the first regime is because the US slope (also reported in figure 2) started disinverting by the end of 1994 and continued to trend downwards for the whole of the 1995 to 1998 period despite the fact that these were periods of robust economic growth.
9 As a result of this apparent break in the relationship between the US slope and economic activity, the regimes we identify based on the dynamics of the US slope do not correspond to periods of economic expansion or recession.
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The effect of common risk factors on US and UK swap spreads
The significance of each risk factor and its ability to explain the dynamics of US and UK swap spreads can be gauged by examining the impulse responses of swap spreads generated by the STVAR models. Each impulse response traces out the impact that a shock to a risk factor has on the swap spreads. The impulse responses presented here allow for three sets of comparisons to be made. First we compare the impact of a given risk factor, i.e. the US slope, across swap spread maturities. We also assess the differential impact that risk factors have across the US and UK interest rate swap markets. An advantage of the non-linear specification of the models is that it allows us to examine the asymmetric effect of shocks to the risk factors occurring during the "flat" slope regime as opposed to shocks occurring during the "upward" slopping regime. Finally, we test for the existence of asymmetric effects of large vs. small and negative vs. positive shocks on swap spreads, in any of the two regimes.
Figures 3 to 5 report the impulse responses for the US swap spreads up to 52 weeks into the future. The impact of shocks to the US slope on the US spreads varies across spread maturities. Shocks to the US slope will increase the short-term (3-year) and lower the long-end (7-year and 10-year) swap spreads in both regimes. The magnitude and the propagation of the shocks are considerably more pronounced in the "flat" slope regime. Increases in the UK slope have a negative impact on US spreads across maturities in the "flat" slope regime and a negligible effect otherwise. The effect of the US and UK interest rate differential also varies according to the regime. A widening of the interest rate differential has a positive short-term impact for US swap spreads in the "upward" slopping regime. Its effect is also positive in the short run during the "flat" slope regime but turns into negative in the medium run. A case where the asymmetry between regimes is most pronounced is the effect of US corporate spreads on US swaps. Corporate spreads are used as proxies for the credit conditions in the economy. Most research has documented a positive relationship between credit risk in corporate and swap markets. In contrast, the evidence we produce clearly indicates that this positive relationship holds only in periods characterised by a flat term structure. On an upward slopping regime positive shocks to US spreads do not signal a deterioration of credit conditions. Instead, these shocks can be a result of increased corporate bond issuance. This can result in lower swap spreads perhaps due to increased liquidity in swap markets, as fixed corporate debt is swapped into floating. A negative relationship is also estimated between the US swap and the UK corporate bond markets during the "flat" slope regime. A plausible mechanism that could create this negative correlation is through UK corporates swapping fixed sterling debt into fixed US debt in periods of low US interest rates. Finally, our empirical results indicate that there is no impact of the 3-year and 7-year UK swap spreads on to the corresponding US spreads. 11 At long end of the market there exists a significant positive impact of UK to US swap spreads, especially in the flat term structure regime.
slowdowns rather than reacting to them after they occurred. This in particular might have been the case during the Asian crisis in 1997, the Russian crisis in 1998 and the subsequent collapse of the Long Term Capital Management (LTCM) fund. 10 In contrast, the regime classification reported by Ang and Bekaert (2001) using the Markov regime switching methodology does correspond to the different stages of the business cycle. Nevertheless, their regime classification covers the period from 1972 to 1996 based on monthly observations. 11 For this reason, impulse responses of 3-year and 7-year US swap spreads to shocks on UK spreads are not reported.
Figures 6 to 8 report the impulse responses for the UK swap spreads under an "upward" slopping and a "flat" US term structure regime. Given that the classification of the regimes is based on the US fundamentals we would expect the impact of only the US variables such as the US slope and the US corporate spread, to vary across regimes. The impulse responses reveal that the impact of both US and UK shocks varies across regimes. Shocks to US slope vary significantly across regimes and across maturities. For the 3-year UK swap spread, shocks to the US slope have a significant positive effect in the long-run in the flat regime and a negative effect in the upward slopping regime. For the 7-year and the 10-year UK swap spreads, shocks to the US slope in the "flat" slope regime have a significant negative effect. In the upward slopping regime the US slope has no impact on the 7-year UK spread but has a significant positive effect on the 10-year UK swap spread. Shocks to the UK slope have always a negative effect on UK swap spreads across regimes and maturities. The effect of the shocks to UK swap spreads is more pronounced and long-lived in the flat US slope regime. Shocks to the differential between the US and UK interest rates have a significant negative effect on the 3-year UK swap spread in both regimes and a negative effect on the 7-year UK spread only in the flat US slope regime. Conversely, shocks to the interest rate differential have a considerable positive effect on the 10-year UK swap spread in the upward slopping regime. Shocks to US corporate spread have a positive effect on UK swap spreads in the short-run and a negative effect in the long-run across both regimes. The impact of the shocks to the UK corporate spread mirrors the effect of the US corporate spreads. The difference is that the shocks are more pronounced in the "flat" slope regime. The dominant role of the US swap market is revealed by comparing the effect of US swap shocks on the UK swap spreads to the effect of UK swap shocks on US spreads. Shocks to the US swap spreads have a significant positive effect on UK swap spreads across maturities especially during the flat US slope regime. On the contrary only shocks to the 10-year UK spreads have an effect on the US swap market. Finally, own shocks to the UK swap spreads have a significant positive effect. For the 3-year and 10-year UK spreads, this effect is more pronounced in the flat term structure regime.
The non-linear framework also allows us to assess the impact of shocks depending on their sign (i.e. positive versus negative shocks) and size (i.e. large versus small shocks). Overall, we find very little evidence in favour of asymmetries across these dimensions. Figure 9 reports the effect of positive versus negative US slope shocks on the 3-year US swap spread in the upward slopping regime. For ease of comparison, the negative shock is multiplied by -1. The impulse responses to positive and negative shocks are very similar. Figure 10 reports the effects of large versus small positive US slope shocks on the 3-year, 7-year and 10-year US swap spreads across regimes. The shocks to the US slope are equal to 1, 2 and 3 standard deviations of its orthogonalized innovation. For ease of comparison, 2 s.e. and 3 s.e. shocks are scaled down by a factor of 2 and 3, respectively. Compared to large (i.e. 2 and 3 s.e.) shocks, small US slope shocks (i.e. 1 s.e. shocks) have a stronger impact on the 3-year and 7-year US swap spreads in the medium run but only in the flat term structure regime. 
Forecasting analysis
In order to assess the usefulness of our non-linear STVAR models, dynamic out-of-sample forecasts for the US and UK swap spreads are computed over the period from January 1999 to June 2001 with forecasting horizons of h = 1, 4, 8, 26, 52, 78, and 104 weeks ahead. Generating dynamic out-of-sample forecasts from non-linear models is more complicated compared with generating forecasts from linear models as the expected value of a non-linear function is different from the function evaluated at the expected value of its argument (see e.g. Brown and Mariano (1989) , Granger and Terasvirta (1993) , and Franses and Van Dijk (2000), among others). We tackle the issue by adopting in each step of our forecasting exercise a bootstrap method where errors used at step h (h >1) are the average errors obtained from simulating the STVAR model at step h, one thousand times.
The h -step ahead forecasts (h = 1, 4, 8, 26, 52, 78, and 104 weeks ahead) from the STVAR models are compared with the forecasts from the corresponding linear VAR models in (3) as well as those from autoregressive (AR) swap spread models. 
, where N (.) refers to the normal distribution. The Diebold and Mariano (1995) test is given by:
is a consistent estimate of the spectral density of the loss differential at frequency 0. To counteract the tendency of the DM test statistic to reject the null too often when it is true in cases where the forecast errors are not bivariate normal, Harvey, Leybourne and Newbold (1997) propose a modified Diebold-Mariano test statistic:
13 We use two lags for all AR swap spread equations except for the USsp_7 and USsp_10 equations where three lags are used; lags are selected based on the Akaike Information Criterion. In all models, the estimated parameters are not updated as new observations become available.
where DM is the original Diebold and Mariano (1995) test statistic for h-steps ahead forecasts and t (T -1) refers to Student's t distribution with (T -1) degrees of freedom.
The results of our forecasting exercise are reported in tables 5 to 8. The comparison of the forecasting accuracy across models has two dimensions. We test the performance of each model across the term structure of the US and the UK swap spreads and for each spread maturity, we test for forecasting performance across forecasting horizons. In tables 5 to 8 we report the MAE and MSE criteria for the different versions of the US and UK swap spread models. The statistical significance of the forecasting performance of the non-linear STVAR models relative to the linear VAR and AR models is examined using both the DM and DM* tests. We report p-values for the DM and DM* statistics against the one-sided alternative that the MAE and MSE of the STVAR models are less than the MAE and MSE of the VAR and AR models, respectively.
Our results in tables 5 and 6 for the US swap spreads suggest forecasting superiority of the STVAR models over both the VAR and AR models for the shorter maturity spreads (i.e. the USsp_3 swap spread). In particular, the non-linear USsp_3 model outperforms the AR model at all forecast horizons. It also outperforms the VAR model at horizons up to 26 weeks ahead. At longer maturities, the linear VAR models produce the lower MAE and MSE statistics while the non-linear swap models (i.e. the USsp_7 and USsp_10 equations) offer improved forecasting accuracy only against the AR models and at longer forecast horizons.
For the UK swap spread models, the results in Tables 7 and 8 provide some rather mixed evidence in terms of the forecasting accuracy of the STVAR swap models against the VAR and AR models. Non-linear UK swap spread models outperform the VAR models for shorter maturity UK swaps (i.e. the UKsp_3 swap spread) almost at all forecast horizons. On the other hand, longer maturity non-linear UK swap spread models (i.e. the UKsp_7 and UKsp_10 swap spreads) beat the VAR models at short forecast horizons (up to 8 weeks ahead) and at very long forecast horizons (104 weeks ahead). Longer maturity non-linear UK swap spread models beat the AR models as we move at longer forecast horizons (between 52 and 104 weeks ahead).
Overall, our forecasting exercise shows some evidence of forecasting superiority of the STVAR models against linear models. However, this evidence is not overwhelming, as it appears sensitive to swap spread maturity and different forecast horizons. Other studies assessing the forecasting performance of macroeconomic time series using STAR models also obtain inconclusive results (for more details see the survey of recent developments in STAR models by van Dijk, Teräsvirta and Franses, 2000) .
Conclusions
This paper discusses the effects of common risk factors in the US and UK interest rate swap markets. Starting from a linear VAR model, we reject linearity in favour of a regime-switching STVAR model for the dynamics of the US and UK swap spreads. Using the slope of the US term structure of interest rates to control the regime-switching dynamics, we are able to identify two distinct regimes in the US and UK interest rate swap markets. The first is characterised by a "flat" term structure of US interest rates, while the alternative is characterised by an "upward" slopping US term structure. The regimes that we identify do not coincide with periods of economic recession and expansion. Our results indicate -although we do not explicitly test this finding -that there has been a structural break in the relationship between the term structure of interest rates and real economic activity in the US. A possible explanation for the breakdown of this "stylised" relationship might be a change in the stance of monetary policy in the US from reactive to proactive, especially in view of the significant external shocks that affected the US economy, such as the Asian and Russian financial crises and the LTCM collapse.
Despite this fact, our model is successful in capturing the non-linear relationship between the risk factors and the US and UK swap spreads. According to our results, the US and UK slopes, the interest rate differentials and the US and UK corporate spreads affect the dynamics of swap spreads. In addition, we report significant asymmetries on the way these risk factors affect the US and UK swap spreads across the two regimes. The option to default is clearly priced in swap spreads since both US and UK slopes have a negative effect on the corresponding spreads across regimes and across maturities (the only exception being the 3-year US swap spread). Nevertheless, we find that the effect of both slopes on the swap spreads is more pronounced during the "flat" slope regime. Another case where significant asymmetries are found is the impact of US corporate spreads on the US swap spreads. Increases in the spreads of US corporate bonds lead to a widening of the US swap spreads only during the "flat" slope regime.
On the contrary, positive shocks to the US corporate market have negative effects on the US swap spreads in the "upward" slopping regime. Moreover, we estimate significant asymmetries on the links between the US and US swap markets. UK oriented risk factors have a significant impact on the US swap market only during the "flat" slope regime. During the "upward" slopping regime, the US swap market is dominated by domestic factors. On the contrary, US oriented risk factors affect the UK swap market in both regimes.
We also test for asymmetric responses of the US and UK swap spreads to large and small shocks and negative and positive shocks, but we are not able to detect significant differences in any of the two regimes. Finally, our forecasting exercise shows some evidence of forecasting superiority of the STVAR models against linear univariate and multivariate models. However, this evidence is not overwhelming, as it appears sensitive to swap spread maturity and forecast horizons. Diebold and Mariano (1995) and the modified DM* statistic of Harvey, Leybourne and Newbold (1997) against the one-sided alternative that the MSE of the STVAR is less than the MSE of the VAR and AR models, respectively. Diebold and Mariano (1995) and the modified DM* statistic of Harvey, Leybourne and Newbold (1997) against the one-sided alternative that the MAE of the STVAR is less than the MAE of the VAR and AR models, respectively. .02
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Shocks to 3-year US spread
Notes:
The figure reports the impulse responses for the STVAR model described in equation (1) for the 3-year US swap spread. The impulse responses represent the effect on the 3-year US swap spread over a period of 52 weeks, of shocks to all the variables included in the system. The shock to each variable is equal to 1 standard deviation of its orthogonalized innovation. The solid line represents the impulse responses conditional on the system being at the flat term structure regime. The dashed line represents the impulse responses conditional on the system being at the upward slopping term structure regime.
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Shocks to 7-year US spread
The figure reports the impulse responses for the STVAR model described in equation (1) for the 7-year US swap spread. The impulse responses represent the effect on the 7-year US swap spread over a period of 52 weeks, of shocks to all the variables included in the system. The shock to each variable is equal to 1 standard deviation of its orthogonalized innovation. The solid line represents the impulse responses conditional on the system being at the flat term structure regime. The dashed line represents the impulse responses conditional on the system being at the upward slopping term structure regime.
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.01 Shocks to 10-year UK spread
Notes:
The figure reports the impulse responses for the STVAR model described in equation (1) for the 10-year US swap spread. The impulse responses represent the effect on the 10-year US swap spread over a period of 52 weeks, of shocks to all the variables included in the system. The shock to each variable is equal to 1 standard deviation of its orthogonalized innovation. The solid line represents the impulse responses conditional on the system being at the flat term structure regime. The dashed line represents the impulse responses conditional on the system being at the upward slopping term structure regime.
31 .02
.04 Shocks to 3-year UK spread
The figure reports the impulse responses for the STVAR model described in equation (1) for the 3-year UK swap spread. The impulse responses represent the effect on the 3-year UK swap spread over a period of 52 weeks, of shocks to all the variables included in the system. The shock to each variable is equal to 1 standard deviation of its orthogonalized innovation. The solid line represents the impulse responses conditional on the system being at the flat term structure regime. The dashed line represents the impulse responses conditional on the system being at the upward slopping term structure regime.
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Shocks to 7-year UK spread
The figure reports the impulse responses for the STVAR model described in equation (1) for the 7-year UK swap spread. The impulse responses represent the effect on the 7-year UK swap spread over a period of 52 weeks, of shocks to all the variables included in the system. The shock to each variable is equal to 1 standard deviation of its orthogonalized innovation. The solid line represents the impulse responses conditional on the system being at the flat term structure regime. The dashed line represents the impulse responses conditional on the system being at the upward slopping term structure regime.
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Shocks to 10-year UK spread
The figure reports the impulse responses for the STVAR model described in equation (1) for the 10-year UK swap spread. The impulse responses represent the effect on the 10-year UK swap spread over a period of 52 weeks, of shocks to all the variables included in the system. The shock to each variable is equal to 1 standard deviation of its orthogonalized innovation. The solid line represents the impulse responses conditional on the system being at the flat term structure regime. The dashed line represents the impulse responses conditional on the system being at the upward slopping term structure regime. .001
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The figure reports the impulse responses for the STVAR model described in equation (1) for the 3-year US swap spread. The impulse responses represent the effect on the 3-year US swap spread over a period of 52 weeks, of a shock to the US slope conditional on the system being at the upward term structure regime. The shock to the US slope is equal to 1 standard deviation of its orthogonalized innovation. The solid line represents the impulse response to a positive shock. The dashed line represents the impulse response to a negative shock. For ease of camparison, the negative shock is multiplied by -1. 
The figure reports the impulse responses for the STVAR model described in equation (1) for the 3-year, 7-year and 10-year US swap spreads. The impulse responses represent the effect on the US swap spreads over a period of 52 weeks, of large and small shocks to the US slope conditional on the system being at the flat term structure regime and the upward slopping term structure regime, respectively. The shocks to the US slope are equal to 1, 2 and 3 standard deviations of its orthogonalized innovation. The solid line (-) represents the impulse response to 1 s.e. shock. The short dashed line represents the impulse response to 2 s.e. shock (this is divided by 2 for ease of comparison). The long dashed line represents the impulse response to 3 s.e. shock (this is divided by 3 for ease of comparison).
